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Forty farmers’ stock lots of runner peanuts sus-
pected of containing aflatoxin were identified by
the Federal State Inspection Service by using the
visual Aspergilius flavus inspection method. A 900
kq portion was removed from each lot and divided
into 50 samples each of 2.27 kg (5 Ib), 4.54 kg
{10 Ib), and 6.81 kg (15 Ib) weights. For each sam-
ple, foreign material was removed, pods were
shelled, and all kernels were comminuted for 7 min
in a vertical cutter mixer. A 100 g subsample was re-
moved from each comminuted sample for aflatoxin
“analysis by liquid chromatography (LC). The total
variance associated with each sample size was esti-
mated. The total variance was also partitioned into
sampling, sample preparation, and analytical vari-
ance components. Each variance component was
shown to be a function of aflatoxin concentration.
By using regression techniques, the relationship
between variance and aflatoxin concentration was
developed for each variance component. The total,
sampling, sample preparation, and analytical vari-
ances associated with testing a lot at 100 ppb with
a 2.27 kg sample, 100 g subsample, and using LC
analytical techniques are 25 378, 23 533, 1830, and
15, respectively. Sampling, sample preparation,
and analysis account for 92.7, 7.2, and 0.1% of the
total variability, respectively.

States are presendy inspected for the presence of the
aflatoxin-producing fungus Aspergilius flaves during
the grading operarion at the buying point. Approximately 500 g
of kernels from the grade sample are visually inspected for the
presence of the fungus. If 1 or more kemels are found with the
specific fungus, the farmer’s lotis classified segregation 1 and

! Il farmers’ stock peanut lots marketed in the United

diverted from the edible market (1). The visual inspection pro-
cedure is rapid and inexpensive and fits well into the buying-
point environment. However, the visual inspection method
does not measure aflatoxin directly, and the variability associ-
ated with the 500 g sample size is large (2—4).

With increased emphasis, both in the domestic and interma-
tional markets, to reduce the levels of aflatoxin in food prod-
ucts, the U.5. peanut industry promoted studies to determine if
the visual inspection method can be replaced with a chemical-
lesting program at the buying point. Two major projects were
developed: (]) a time and motion or feasibility study to deter-
mine if the steps associated with a chemical-testing plan would
fitinto the grading operation at the buving paint and (2) a vari-
ability study 10 determine the effects of sample size on the ef-
ficacy of detecting and classifying contaminated lots,

The vanability study provides the basic informaton needsd
o develop a statistically based method to evaluate aflatoxin
sampling plans for farmers” stock peanuts, The evaluation
method is used to determine the effects of sampie size and tol-
erance |evels on such important attributes of an aflatoxin-test-
ing plan as the farmer’s risk (false positives), sheller's risk
(false negatives), number of lots removed from the edible mar-
ket, amount of aflatoxin removed from the crop, and total cost
of a testing plan to the peanut industry. Designing an effective
aflatoxin-testing plan is greatly enhanced by the development
of a statstucal evaluation method.

Whitaker et al. (5, 6) and Whitaker {7 measured the vari-
ability associated with testing shelled peanuts for aflatoxin and
developed an evaluation method that is currently used by the
peanut ndustry 10 design aflatoxin-testing plans for most
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Figure 1. Typical steps in an afiatoxin-testing plan to
estimate the aflatoxin concentration, X, and the
associated variance components.

shelled peanuts marketed in the United States, It is assumed
that the variability associated with testing shelled peanuts for
aflatoxin is different from thar associated with testing farmers'
stock peanuts for aflatoxin, because several peanut components
that are correlared with the presence of aflatoxin (such as dam-
aged and small peanuts) are removed from the farmer’s lot dur-
ing the shelling and cleaning process.

To facilitate development of a statistical evaluation method.
the objectives of this smdy were (1) (o determine the total vari-
ability associnted with chemically testng farmers’ stock pea-
nuts for aflatoxin and (2) to partiion the total vadance into
components that reflect sampling, sample preparation, and ana-
Iytical variability.

Experimental

From the 1990 crop, 40 farmers’ stock lots {averaging about
4100 kg or %000 Ib each) of runner peanuis suspected of con-
taining aflatoxin were identified by the Federal State Inspection
Service using the visual inspection method, A 900 kg (1982 1b)
portion was removed from each of the 40 lots by using a divider
as the peanuts were being unloaded. With a specially con-
structed divider, each 900 kg portion was divided into 64 sam-
ples cach of 227 kg (51b). 4.54 kg (101b), and 6.81 kg (13 1h)
weights. For each lot, 50 samples of each size, or a total of 6000
samples, were tested foraflatoxin in the varnability study, Some
of the remaining 14 samples per sample size per lor were used
in other smdies. From the excess samples. a 454 kg sample
from cach lot was used to estimate the nwmber of pods per kilo-
pram.

Each sample contained all components of a farmer’s stock
lot, foreipn material, loose shelled kemnels, and pods. The
weight of each sample component (foreign material, loose
shelled kemels, hulls, and shelled kemels) was recorded. Sam-
ple weights in this study excluded foreign material and re-
flected loose shelled kernels and pods only. For each sample,
the foreign material was removed and the pods were shelled.
All kemels (loose shelled kemnels and shelled kemels werne
combined) were comminuted in a Stephan vertical cutter mixer
(VM) for 7 min. The sample preparaton methods (type of
mill and comminuuon ume) were similar 1o those used in the
feasibility study. & 100 g subsample, regardless of sample size,
was removed from the comminuted sample. Aflatoxin was ex-

tracted from the 100 g subsample with acetonimile-water (90 +
10, wiv} in a 3:1 solvent volume:peanut weight rato. The ex-
tract was purified by using a Mycosep 224 column (Romer
Labs, Inc., Washingion, MO), and aflatoxins were quantified
by reversed-phase liguid chromarography (LC) as described by
Wilson and Romer (8) and Hagler and Whitaker (9). Aflatoxin
concentrations are reported as parts per billion (pph) and reflect
the sum of aflatoxins B,, B.. G,. and G,.

Theoretical Considerations

We assumed that { [) the farmer's lot consists of ¥ individual
items and the individual item is a peanut pod. (2) each pod has
the same mass, and (J) the aflatoxin concentration, x in pph,
varies from peanut pod to peanut pod. Usually, the concentra-
tion x is zero. but cecasionally, x can be exremely high. Be-
cause it is not practical to measure the aflatoxin concentration
in individual peanut pods, the standard practice is to draw &
sample of np peanut pods from the lot and then determine the
aflatoxin concenration of the whole sample. The aflatoxin con-
centration in the np peanut pods in the sample is denoted by ¥
and is expressed in ppb. The samplc concentration x is est-
mated by the st procedure ouidined above.

The sources of the variability associated with obtaining an
aflatoxin test result x are illustrated in Figure 1. As the figure
illustrates, the total variance among aflatoxin test results can be
composed of at least 3 variance components: sampling, sub-
sampling, and analysis. A reasonable mathematical model for
the observed aflatoxin test result. X, can be represented as fol-
lows:

T=p+S5+855+4 o

where W = the true aflatoxin concentration in the farmer’s lot
being tested. § = random deviations of sampls concenrations
about the lot concentranon with expected value zero and varn-
ance 615“,. 35 = random deviations of subsampie concentrations
about the comminuied sample concenration with expecied
value zero and variance 5;“3. and A = random deviations of
analytical assay results about the subsarnple concentration with
expected value zero and variance ﬁ_l:;“. By assuming inde-
pendence among the random deviations in equation 1, the fal-
lowing vanance relationship is obtained:

g +al (2)

k) qEY

ﬂ: =ﬂ.1

] A +

w"lm G ETI 1]
result x

The total variance and the analytical variance were estimat-
ed by direct measurement. The sampling varance and the sub-
sampling variance were estimated indirectly by using the sum-
mation property shown in equadon 2. Esumates of each
vanance component in equation 2 and the wue lot aflatoxin
concentration W in equation 1 from experimental values are de-
noted by 57 and X, respectively. The notanon ¥ is defined as the
average aflatoxin concentration among the 50 sample aflatoxin
125t resuits x.

= total variance associated with an aflatoxin test
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Total verrianee.—The total variance, g° - is defined as the
variance among aflatoxin test results on S'D samples (1 assay
result per sample) of the same size taken from the same lot of
Farmers” stock peanuts. The estimated total variance @5, and
the average aflatoxin concentration ¥ among the 50 sample test
results for each of the 3 sample sizes were calenlated for each
of the 40 low to provide 120 estimates of total variance: 44
estimates for the 2.27 kg (5 Tb) sample size, 40 estimates for the
4.54 kg (10 Ib) sample size, and 40 estimates for the 6.81 kg
(15 Ib) sample size,

Analvtical variance. —The analytical variance, 'EFM., repre-
sents the varability among aflatoxin determinations on equal
aliquots of extract token from the blender after the extraction
step. Eighteen namrally contaminated samples of comminuted
peanut kemels weighing 100 g each were blended 3 min with
300 mL acetonitrile—water. The peanut and solvent blend was
divided into 19 equal volumes or aliquots, each aliquot was
prepared for quantitation (8), and aflatoxin was quantified by
reversed-phase LC (9). Nineteen replicated aflatoxin determi-
nations were made on each of the 18 samples. The 18 samples
were chosen with aflatoxin concentrations thal vaded from
about 5 to 4000 ppb, All analytical tests were conducted in the
same [aboratory and reflect within-laboratory variability only.
The esamated analytical vanance, E;'.J, and the average afla-
toxin concentration T among the 19 aflatoxin determinations
were calculated for each of the 18 samples.

Sampling variance—The sampling variance is defined as
the vanance armong the aflatoxin concentration of replicate
samples of the same size taken from the same lot. The sampling
vanance was estimaled indirectly by using the summation
properties for total variance shown in equation 2. The total vari-
ance associaled with the 2.27 kg (5 Ib) sample size, the 4.54 kg
(10 1b) sample size, and the 6.81 kg (15 1b) sample size are
shown in equations 3-3, respectively.

el

'::_-'il'l:I =1:FI'1":'I:I + G?l:m - 5{1:.} t-'a'}
Gi-l.lil =G-:':"q + U.;ilu ¥ n'-:u:. {4]
52 =5 +g° +q° 5

mn, s, B G'—:] (3)

Because the subsampling and analytical pmuedures Wers
the same for all tests, all subsampling variance tems, n‘“m are
equal and all analytical varance terms, ﬁh,, are equal in equi-
tions 3-3, Only the total variance and the sampling variance
differ in equations 3-5 because of sample size,

Statistical theory (1{}) indicates that larger samples of pei-
muts wiil be less varable than smaller sampies. It follows that
sampling variances for a 2.27. 454, and 6.8] kg samples are
related 1o each other by the following eguations:

;‘1' - [_]

ap )% T, (6)

Table 1. Average number of pods and average weight
of samples used in the variability study

Actual
Targeted weight, kg Mumber of pods Weight, kg
227 1599 2.26
4 54 3724 4.21
6.81 60a7 E.91
I "Py. :
Tam, = (p ) ¥ T, (7
2 .-np'!ﬂ s
L:Fi:nn,t:L “P't} KUH“‘: {B}

where sip,, rip,.. and np,, are the average number of pods in the
50 samples each of 2.27, 454, and 6.81 kg weights, respec-
tively. In equation 3, the sampling vardance for a 2,27 kg sam-
ple can be wrtten in tertns of the sampling variance for a
5.81 kg sample by substituring equation 6 into equation 3.

GT{:J___ = {?‘.l Ixa E.u fﬂ Sisa) G‘mm} (9)

By subtracting equation 5 from equation 9. the sampling
variance for a 6.81 kg sarnple (equation 10) can be estimated:

-

(o3, — D'-,H J

- (100

-

_:H.!nl

A second estimate of the sampling variance for a 6.81 kg
sample ean be obtained similarly by substituting equation 7
into equation 4 and subtracting equation 5:

r b

' {U:J.';Ll -G-r:!i }
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From equations 10 and 11, up to 80 estimates of the sam-
pling vanance for a 6.81 kg sample o e, €A be obtained by
usmg all 120 estimates of the total variance for the 3 sample
sizes. Estimates of the sampling varance for2 2.27 kgand a
4.54 kg sample can be computed by using the relationships in
equations & and 7, respectively.

Subsampling variance —The subsampling variance. o7,
is defined as the variance among the aflatoxin concentrations
of replicate 100 g subsamples taken from the same sampie of
peanuts comminuied in a Stephan VOM for 7 min. Estimares
of the subsarnpling variance can be determined indirectly by
using equations 3-3. Having developed estimates of total, sam-
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Table 2. Mumber of replicate 2.26 kg samples, average sample size in number of pods, average aflatoxin
concentration, total variance, and coefficient of variation among replicate sample aflatoxin test results for each lot®

Aflatoxin Coefficient of
Lat number Numper of samplas Number of pods concentration, ppb Total vanance vanation. %
27 50 1829.7 e -] 10103 304
k] 50 2006.0 79.0 13362.9 1463
32 50 26231 83.2 96642 118.1
28 =0 1678.7 106.3 35078.7 176.3
18 50 2011.8 106.5 288439 1595
6 50 1903.6 129.2 428947 180.3
19 51 1785.8 1738 5035858 1291
30 50 1747.5 186.4 35665.0 101.3
36 50 1842.0 215.2 33892.2 856
29 50 17248 262.0 B1828.3 108.2
35 50 21811 2758 268757 .8 53.3
20 50 27578 3s2.3 48676.1 52,6
24 50 1855.2 3582 109322 6 923
34 50 18683.6 431.8 11T180.0 79.3
17 50 2107.8 5147 166450.8 79.0
1 52 1836.4 5472 825293 28
33 S0 24538 567.2 75884 .5 489
38 50 21865 5993 176686.6 701
40 50 20087 691.8 150767.7 56.1
13 53 21237 B43.7 158133.7 471
21 50 1947 4 808.5 2062851 501
26 50 22862 845.7 172424 4 4345
12 50 1826.0 g55.2 210437 .4 48.0
2 50 17905 1031.8 162073.8 381
22 50 15758 1072 .6 436925.3 E1.6
] 50 21509 10924 201885.7 411
37 50 23813 1114.8 0TEE2.T 49.8
g 53 1900.6 M26.5 243447 .3 43.8
3 50 20584 1181.7 4703437 58.0
16 50 17671 12400 04858 8 445
A 50 24111 1753.4 HMOS7ST 333
14 40 18267 1768.2 3812871 249
5 50 1683.6 2025.7 5481718 365
3 58 21389 25482 9744890 387
25 50 18910 2697 3 995045 .4 370
15 50 1981.1 30034 .5 7631102 288
11 50 20088 46563 992809.7 21.4
4 54 20174 70745 2100345.0 205
7 50 1898.1 8124 .8 BETF497.0 31.8
10 50 18203 248TE.T TA33384.0 .3
* Resuits are givan in the order of increasing average aflatoxin concentration.
pling, and analytical variances, the only I;Lnkn{:wn In equations i=a ;.-.. _ .3_1 0 - “E:.-u (14)

3-5 is the subsampling variance term. o< _ oo

)"
aiu|=ﬁ%|]\-ﬂ::1us-ﬂ-;[u “2]

From equations 12-14, up w 120 esamates of the subsam-
pling vanance can be compurad.

_Gllil._-l .rﬁTlaz ':-13:'
Results and Discussion

The average sample size in kilograms and the average num-
ber of peds for the 3 sample sizes used in the study are shown
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Table 3. Number of replicate 421 kg samples, average sample size in number of pods, average aflatoxin
concentration, total variance, and coefficient of varlation among replicate sampie afiatox|n test results for each lat®

Number
Lat number of samples Wumber of pods
ar 20 az25.7
28 50 33345
a2 50 4389.0
18 50 40803
A L] 33834
] 50 33962
30 50 21205
35 50 3417.8
29 50 3382.6
19 50 25790
20 80 4783.0
24 50 770
35 50 arrs.e
34 49 24386
17 50 Irr2e
] S0 4281.0
a8 50 3870.4
1 81 36681
40 50 34963
9 =) 42785
21 S0 3355.0
26 50 38744
22 48 3277
ar 50 40834
12 0 2879.2
13 50 43308
168 50 36246
2 50 33833
23 50 38751
g g1 38867
#H 50 46026
14 ) 4063
5 ] 3305
25 50 38244
15 50 ITE3.3
3 54 41482
" 50 4062.2
4 54 3sav.z
7 48 36652
10 S0 32457

Aflatoxin Total Coatficient of

concentraton, ppb vanance variation, %
e i I 4577.7 2138
481 6584.9 176.1
50.2 2483.7 99.3
B4.1 5048.2 10,8
100.5 14572.2 120.1
1246 15271.0 99.3
158.2 21631.8 3.0
22549 24424 2 69.2
2363 378303 B2.1
250.5 112041 42.3
253.7 17685.1 52.4
2951 A0767.8 58.4
g6 281420 528
432.7 B2654.3 556.4
E02.5 59785.6 48.7
B2 A 56044 3 40.6
58941 531890 388
E51.3 84888.0 447
T15.7 1148152 47.4
B33.7 53474.8 258
861.8 1587875 41.4
8825 145747 .2 35.4
bas6 397823.2 54.0
10391 153785.6 B
1056.0 197515.4 421
1067.7 121884.7 27
1178.8 19986819 373
1204 .7 1392211 b § W
1271 .2 2B6B238.6 40.7
1325 6 AR2967 .5 44 8
1769.3 319269.8 s
1841.8 297520.5 298
21851 483512.7 32.0
2468 .1 3829213 25.1
INEBS 353869.5 18.7
apeaa T25204.7 75
40887 1281121.3 28.0
107 23451379 ME
76831 SB1B2E3S Jas
26083 E TETDEDE.2 95

® Resutts are given in the order of increasing average afiafoxin concentration,

in Table 1. The actual average sampie sizes closely matched the
desired tarpers of 2.27, 4 54, and 6.81 kg and will be referred 10
as 5, 10, and 15 Ib samples.

Tital variance.—Tables 2—4 show for cach lot the number
of replicated samples, average sample size. average aflatoxin
concenmation, and total variability as depicied by the variance
und the coefficient of vanation for the 5, 10, and 15 Ib sample
sizes, respectively. In each table, the results are ordered by in-
creasing average aflatoxin concentration. The average total
aflatoxin concenmation in the 40 lots varied from about 25 to

25 000 ppb. Several impornant characteristics are associated
with the results shown in Tables 2—4. First, regardless of sam-
ple size, the magnitude of the 1otal variance is larger than the
aflatoxin concentration in the lot. Second, the total variance
increases with aflatoxin concentration. Third, for a given lat,
the total variance is usually highest for the 5 Ib sample size and
lowest for the |5 Ib sample size. Fourth, for a given lot, the
average aflatoxin concentration among the 50 samples is about
the same for the 3 sampie sizes. The first 2 observations are
consistent with total vanance data collected on shelled peanurs,
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Table 4. Number of replicate 6.91 kg samples, average sample size in number of pods, average aflatoxin
concentration, total variance, and coefficient of variation among replicate sample aflatoxin test rasults for each lot?

Mumber of
Lot i prabes samples Mumber of pods
27 50 5652.3
28 =0 5a58.1
az2 50 B176.2
18 S0 B540.3
39 50 5768.6
6 50 5582.0
19 S0 56831
30 50 52576
28 20 5416.6
36 = 57938
20 50 7538.6
24 50 58322
35 48 6351.0
34 50 5534.0
17 50 6334 2
13 50 T1708
1 50 B073.8
38 = B475.8
40 45 BO24.9
g 50 T057.2
13 48 5937
28 50 BT27 .4
22 50 S0114
2 50 56559
12 S50 51077
23 50 5320.2
ar 50 5851.2
16 50 56831.4
2 50 5334.7
8 54 G261.6
3 50 THA7.6
5 54 S406.3
14 50 5831.8
23 56 6664.3
25 50 58153
15 50 61545
11 50 6557.4
4 55 B840.0
7 48 5B32.6
0 50 5282 .4

Allatomn Coafficient of

concantratan, pph Total varance variation, %
237 12745 150.8
44 4 26631 6.2
B7.8 20502 B80.3
B4E T143.6 8348
874 BIT A 1.6
145.4 24613.0 1078
160.3 16404.5 794
187.7 238779 g23
208.8 545528 1.8
250.8 18076.6 536
308.8 177588 432
316.4 183103 428
3833 5837 575
4175 50775.5 540
511.3 40564.8 394
574.0 GEE20 1 450
A33.0 35166.8 29.8
6474 65698.6 39.8
Ta4.2 564562 324
813.1 39384.2 24.4
925.7 56284.9 258
934.9 775495 298
935.6 2711566 55.6
09a4.4 BARS5.0 29.9
1068 8 1674719 38a
1143.2 1041001 28.2
1192 4 2017689 453
13080 133851 1 280
13455 804809 211
14752 100466.6 215
1580.7 13221886 228
17334 110498.2 19.2
1782 6 2650322 8.7
2606 .6 2581225 19.9
B0 5875981 241
3330.0 457256.1 203
4353.7 488685.0 18.1
BoF22 1962791.0 201
8215.1 131833620 44.2
204532 9102229.0 148

* Resuits ara given in the order of increasing average aflatosin concentraton.

shelled com, and cottonseed (6, 11, 12), The last 2 observations
are in agreement with statistical theory.

Figures 2—4 show a full log plot of total variance versus afla-
toxin concentration for the 5, 10, and 15 Ib sample sizes, re-
spectively. The plots indicate that the total variance is a linear
function of aflatoxin concentration in the fuil log scale. There-
fore, it was assumed that a power function of the general form

al=C1u" (15}

where C1 and C2 are constants. describes the empirical rela-
tionship berween variance and aflatoxin concentration. By us-
ing the Swatistcal Analysis System (13), the constants C1 and
C2 were determined by a least-squares fit of log (s ) to
log (¥ ).

From the regression analysis, the values of C2 (equation 15)
forthe 5. L0, and 15 1b variance data were 10912, 1.2406, and
12504, respectively. The 3 C2 values were similar, and the Siu-
dennized Range test (10) indicated that the null hypothesis, H,
1.09 = 1.24 {maximum difference), cannot be rejected at the 5%
significance level. Therefore, cquation 15 was regressed on all
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Figure 2. Total variance versus aflatoxin concentration
for 2.26 kg sample pods.

120 total variance observations where the constant C2 (repre-
senting the slope) was held fixed across all sample sizes and the
constant C1 was allowed to vary with sample size. The regres-
sion analysis pave the following expressions:

53, = 66.0413 (X )7 (16)
Sk, =40.8469 (X )" (17)
S, = 30.1047 (2 )" 18)

with a coefficient of determination of 093 in the log scale. The
standard error of estimate for the (log C1) and C2 values are
0.225 and 0.032, respectively.

It can be seen in equation 2 that if the subsampling and ana-
lytical variances were approximately zero, the total variance
would equal the sampling variance, Statistical theory predicts
that the ratios of sampling variances for the 3 sample sizes
should be

i=ﬁ'!=|36

7 (19)
GIT’:I“‘ ”‘pj
000000 §
i 421 kg snpas
[ieruesy] x .
3] | i
§ o pant
= H i
= 1D § e
g ! L
1D I DY "
i . |
n.m ! e
i} 1T 1000 0000 flrrery]
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Figure 3. Total variance versus aflatoxin concentration
for 4.21 kg =ampies pods.
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Figure 4. Total variance versus aflatoxin concentration
for 6.91 kg sample pods.

S
—2 = 2P 2 3 06 (20)
. g
i, !
i
_:u".-u _ pli = 1.64 [21-}
Oia, P

The 3 ratios of total variances computed from equations 16—
18 are

2
5

%162 22)
S,
53
=219 (23)
s E,
5 En:u_= .

— =136 (24)

5 3, .

As will be shown later, the subsampling and analytical vari-
ances are greater than zero. Therefore, the experimentally de-
termined vanance ratios in equations 22-24 should be less than
those predicted by equations 19-21.

Analytical variance—The analytical variance, s; o and the
average aflatoxin concentration among the 19 replicate test re-
sults for each of the 18 samples are shown in Table 5. The ana-
lytical variances are ranked in the table by the aflatoxin concen-
tration X. The aflatoxin concentration in the 18 samples varied
from 0 to 3905 ppb. A full log plot of the analytical variance
versus aflatoxin concentration is shown in Figure 5. As with
total variance, the analytical variance increases with aflatoxin
concentration and appears to be a linear function in the log
scale. Regression equation 15 was fitted to the data in Table 3
o give:
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53, =0.004828% (25)

with a coefficient of determination of 0.95 in the log scale. The
standard error of estimate for (log C1) and C2 are 0.523 and
0.104, respectively.

The analytical variabilities associated with extraction,
cleanup, and LC quantitation procedures are relatively small
and reflect only within-laboratory variability. The coefficient of
variation (CV) at total aflatoxin concentraton of 20 ppb. com-
puted from equation 25, is 4 8%. By comparison, the C'V asso-
ciated with other analytical procedures for peanuts that use
thin-layer chromatography for quantitation is about 25% (14).

Sampling variance—As shown in equations 10 and 11, up
to 80 estimates of the sampling variance for a 6.81 kg sample
5 :m can be obtained by subtracting the appropriate total vari-
ance's shown in Tables 24 for each lot. Of the 80 possible es-
timates of sampling variance, 62 estimates were computed. The
loss of 18 sampling variance estimates occurred when differ-
ences between the total variances for a given lot were negative.
These negative variance estimates were not used. Negative val-
ues were obtained for 3 lots when the total variance among the
5 Ib samples was smaller than the total variance among the
15 Ib samples (see Tables 2 and 4), Negative values were ab-
tained for 15 lots when the total variances among 10 and 15 b
samples were subtracted. A full log plotof 52, versusaflatoxin
concentrution is shown in Figure 6. As with other variance com-
ponents. the sampling variance increases with aflatoxin con-

Table 5. Average aflatoxin concentration, analytical
variance, and coefficlent of variation among replicate
afiatoxin test results on 19 aliquats quantified by LC
procedures”

Aflatoxin
Subsample concentration, Anahytical Coefliciant af
number ppb vanance varation, %
1 0.0 0,00 0.00
2 57 032 9492
3 145 0.74 593
4 173 0.33 33z
5 285 1.63 448
6 31.9 4.02 629
T B5.4 728 413
8 T0.9 3.43 251
9 75.6 4.45 279
10 871 .04 200
11 129.0 44,58 518
12 1293 35.00 4 58
13 250.8 47,19 2.74
14 3008 33118 455
15 811.7 336.44 3.00
16 B02.5 432,16 250
17 1018.4 198215 438
18 389054 11582.37 278

* LC procedures are from references 8 and 5, All assays were ]
conducted within a s=ngle laborstony.
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Figura 5. Analytical variance versus aflatoxin
concentration for the Wilson-Romer extraction and
cleanup procedure with LC quantitation.

centration and appears to be a linear function in the full log plat.
Regression equation 15 was fit to the sampling variance data
using log values. The regression analysis gave

2

_nSsTE
St = 953565 T (26)

with a coefficient of determination of 0.70 in the log scale, The
standard error of estimate for (log C1) and C2 are (0.541 and
0.0817, respectively, By use of equations 6 and 7, the sampling
variances for a 4.54 and a 2.27 kg sample become, respectively.

T

1w

EiS
)95.3565 % _r 27y

z
s;':!:lu ==

08576

: p"‘}gs 3I565F (28)

¥ :.:.J‘

Values of np,, np,, and ap ; can be found in Table |,
Subsampling variance—By using equations 12-14, up to
120 estimates of the subsampling variance can be obtained. In
Tables 24, a sampling and analytical variance component was
subtracted from the total variance for each lot. Equation 25 was
used to estimate the analytical variance component. and equa-
tions 26-28 were used to estimate the sampling variance com-
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Figure 6. Sampling varlance versus afiatoxin
concentration for 6.91 kg sample pods.
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ponents. OF the passible 120 subsampling variances estimates,
39 estimates were negative, leaving 81 subsampling variance
estimates for analysis. A full log plot of the 81 subsampling
variance estimates versus aflatoxin concentration is shown in
Figure 7. As with the other variance components, the subsam-
pling variance increases with aflatoxin concentration and ap-
pears 1o be a linear function in the full log plot. Therefore, re-
gression equation 15 was fit to the subsampling variance data.
using log values. The regression analysis gave

R _lage
§1e =2.8886F (29)

with a coefficient of detenmination of (168 in the log scale. The
standard error of estimate for {log C1} and C2 are (0.754 and
(.108, respectively,

The total variance associated with the aflatoxin test proce-
dure used in this study can be reduced by reducing 1 or more
of the variance components in equation 2. One way is 1© in-
crease the quannty of material inspected. The sampling vari-
ance can be reduced by increasing sample size, the subsam-
pling variance can be reduced by increasing the subsample size,
and the analytical vanance can be reduced by increasing the
number of aliquots taken from the blender in the extraction step
and quantified by LC. The sampling variance in equation 26
can be modified to predict the effect of any size sample, ns, on
the sampling variance.

. g 09T
- 5—1*;"" )3 (30)

whete ns is the sample size in kilograms, Equation 30 can also
be written for sample size in number of pods, np, but it may be
easier (o calculate sampling variance based on weight.

A similar expression exists for the subsampling variance de-
senbed by equation 29. The subsampling variance for any size

subsample, nys, where the sample has been comminuted in a
Y CM becomes
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Figure 7. Subsampling variance versus aflatoxin
concentration for 100 g subsamples comminuted in a
Stephan vertical cutter mixer for 7 min.

-

where nss is the subsample size in grams.

The analytical variance, described by equation 25 for the
analysis of a single aliquot quantified by LC, can be compated
for any number of aliquots, ra.

2 Um‘-lazﬂ ::..‘SIB
&

3 ir‘.u = {_ T] f32}

By adding equations 30-32, the total variance can be estimated
for any size sample, any size subsample, and any number of
aliquots gquantified by LC:

638.0, 09578
Fay =fTE—1r +

GD{H =L T5E
(RallanZll
na

2B88.86, o140
—

nig

|1'-

(33)

Equation 33 was used to predict the total variance for the 3
sample sizes used in this study. The predicted total vardances
for 2.26,4.21. and 6.91 kg sample sizes are plotted against the
measured total vanances in Figures §-10, respectively. The
previous equations developed to predict total vardance (equa-
tons 16-18) are umque for the conditions of this smudy and do
not have the flexibility of equation 33 to predict the total vari-
ance for any size sample, any size subsample, and any number
of aliquots used in a chemical-testing program.

From equation 33, the total variance associated with testng
a farmer’s peanut lot contaminated with aflatoxin at 100 ppb
when using a2 27 kg sample, a VCM to comminute the sample
for 7 min, 1 100 g subsample of comminuted peanuts, and LC
quandtation procedures is 25 378.3 (CV = 159.6%). The sam-
pling, subsampling, and analytical variances are 23 5327,
1830.2, and 154, respeetively, and account for 927, 7.2, and
0.1% of the total variation. respectively. If sample size is in-
creased 10 40 kg, aflatoxin is extracted from a 200 g subsample,
and 1 aliquot is quantified, the total. sampling, subsampling,
and analytical variances associated with testing a lot at 100 ppb
are 2266.0, 13355, 915.1, and 15.4, respectively; sampling,
subsampiing, and analytical variances account for 58.9, 404,
and 0.7% of the total variation, respectively. A total variance of
2266.0 suggests that if aflatoxin test results are normally dis-
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Figure B. Measured and predicted total variances
versus aflatoxin concentration for 2.26 kg sample of
pods.
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AFLATCOOM CONCENTRATION (PR}

Figure 9. Measured and predicted total variances
versus aflatoxin concentration for 4.21 kg sampile of
pods.

mbuted (which is true only for large sample sizes). aflatoxin
lest results for the above test procedures will fall in the range of
100 + 93 ppb, or 7-193 ppb, 95% of the time.

The wnal vanances measured in this study reflect sampling
farmers' stock peanuts, a 100 g subsample comminuted in a
VCM for 7 min, extraction and cleanup procedures described
by Wilson and Romer (8), and LC guantitation methods de-
scribed by Hagler and Whitaker (9). It is not clear yet what
sample preparation and analytical methods will be used in a
regulatory environment if farmers' stock peanut are analyzed
chemically for aflatoxin, Once the Apricultural Marketing
Service and the peanut industry select sample preparation and
analytical methods for a regulatory program. the total variance
estimates can be adjusted by replacing variance equations 31
and 32 with appropriate variance equations describing the spe-
cific sample preparation and analytical methods. However, if
small sample sizes are used in a future testing program, the total
variance will not change significantly with different sample
preparation and analytical methods, becaose the sampling van-
ance accounts for most of the wtal varance (92.7% for a
2.27 kg sample).

Because the expermentally determined variance compo-
nents appear to be functionally related w the aflatoxin concen-
tration, the assumption made concerning the independence of
the random ermors §, 85, and A in equation | may be open to
question. Other statistical models, such as & multiplicative
model, were investigated but did not provided a workable al-
ternative. However., the vanance relationships presented in this
sudy indicate the major sources of variation when lesting
farmers' stock peanuts for aflatoxin and indicate approaches to
effectively reduce the total variability.

Furure smdies are required to develop a statistcal evaluation
method wo predict the effects of sample size and tolerance levels
on the accuracy of classifying a farmer’s lots according to their
aflatoxin concentration. Theerencal distributions will be com-
pared with the 120 observed distributions of aflatoxin test re-

Ion0oeeer:
i 491 kg sareia
1 t ' .
§ oo E
2
< E
z
g o i
m
m 'E t
0 o i} 00 10000
AFLATOXIN CONCENTRATION (FFE)
Figure 10. Measured and predicted total variances

versus aflatoxin concentration for 6.91 kg sampile of
pods,

sults shown in this study to determine a model that will accu-
rately predict the probability of accepting a farmer’s lat for any
aflatoxin sampling design and tolerance level.
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